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(57) A method for fabricating optical MEMS (optical 
Micro-Electro-Mechanical Systems or Micro-Opto-Elec- 
tro-Mechanical Systems (MOEMS)) is described. The 
basic process involves deposition and patterning of a 
sacrificial spacer layer and a combined moulding and 
photolithography step. 

The method described allows the fabrication of mi- 
cromechanical elements incorporating micro-optical 
structures such as lenses (diffractive or refractive), grat- 
ings (for polarisers or resonant filters), waveguides or 
other micro-optical relief structures fabricated by UV- 
curing replication processes. 
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Description 

[0001] The invention relates to the fabrication of Micro 
Systems such as micro electro mechanical systems 
(MEMS) particularly, but not exclusively, for applications 
in optical systems for areas such as telecommunica- 
tions, image projectors, sensors and optical instru- 
ments. 

[0002] Micro-Electro-Mechanical Systems (MEMS) of 
today are fabricated using well-established technolo- 
gies from the semiconductor industry, namely photoli- 
thography, thin film deposition and oxidation, dry and 
wet etching as well as bonding and packaging tech- 
niques. 

[0003] The design of optical MEMS or micro opto 
electro mechanical systems (MOEMS) is dictated by the 
fabrication technologies available. For example the flat 
surfaces produced by the above mentioned technolo- 
gies are commonly used as mirrors. Other examples of 
optical MEMS use optical elements integrated by micro- 
assembly (optical fibres, microlenses, ball-lenses, etc). 
[0004] In micro-optics, on the other hand, different 
kinds of fabrication technologies have been established. 
Modern micro-optics and micro-optical systems can be 
fabricated in large volume using so-called replication 
methods. For information on these methods reference 
should be made to M. T. Gale, Replication, Ch. 6 in Mi- 
cro-Optics: Elements, systems and applications, H. P. 
Herzig, Ed., Taylor and Francis, London, 1997, ISBN 0 
7484 0481 3 HB. An original master is copied via a 
mould to produce a very large number of replicas by em- 
bossing, casting or injection moulding. Security holo- 
grams and CDs are well known examples. Such tech- 
niques, however, are difficult to apply to features that 
are undercut as release of the mould is a problem. 
[0005] In one aspect the invention provides a method 
of fabrication of optical Micro-Electro-Mechanical Sys- 
tems (optical MEMS/ MOEMS), comprising the steps of: 

i) deposition and patterning of a sacrificial spacer 
layer, 

ii) structuring an UV-curable casting material by a 
combined moulding and photolithography step on 
top of the sacrificial spacer layer. 

[0006] With this process, a 3D relief is monolithically 
integrated on top of the resulting free-standing micro- 
structures. 

[0007] In a second aspect the invention provides a 
method of fabricating micro electrical mechanical sys- 
tem comprising the steps: 

forming a patterned sacrificial layer including an ap- 
erture on a substrate, 

dispensing a UV-curable casting material on the 
sacrificial layer including the aperture, 
moulding the casting material to form a desired 
three-dimensional structure, 



curing the moulded structure, and 
removing the sacrificial layer and any uncured cast- 
ing material. 

5 [0008] The present invention enables the avoidance 
of the use of silicon substrates and silicon photolitho- 
graphic processing technology, and enables MOEMS to 
be fabricated on any substrate material (for example 
glass, fused silica, GaAs) and enables the fabrication of 

10 MOEMS microstructure, including optical microstruc- 
ture, by a reduced number of processing steps. The ad- 
vantage lies in the potential for lower cost production, 
as well as the increased flexibility in the choice of sub- 
strate material. 

15 [0009] The sacrificial layer may consist of a photo re- 
sistive layer, which may comprise a thin film metal or 
oxide layer. 

[0010] The casting material may be a photosensitive 
sol-gel material. An example of such a material is 

20 ORMOCER® . ORMOCER® is a registered trademark 
of the Fraunhofer-Gesellschaft in Germany. 
[0011] A paper by M. Popall, A. Dabek, M. E. Roberts- 
son, S. Valizadeh, O. J. Hagel, R. Buestrich, R. Nagel, 
L. Cergel, D. Lambert, M. Schaub, "ORMOCER® s - in- 

25 organic-organic hybrid materials for e/o interconnection 
technology", Mol. Cryst. and Liq. Cryst., 354, 123-142 
(2001 ) describes the use of the material in electrical and 
optical applications. 

[0012] The method may comprise the further step of 
30 depositing one or more metallic patterns to the three di- 
mensional structure to form electrical contacts and/or 
electrodes. 

[0013] The three dimensional structure may comprise 
one or more of lenses (diffraction or refraction), gratings, 
35 wave-guides, or other micro optical structures. 

[0014] The invention further provides a micro electro 
mechanical system including an actuator, the actuator 
comprising a three dimensional structure formed on a 
substrate by a method according to the invention and 
40 means for applying electrical potentials to the contacts 
and/or electrodes, the structure being such that the ap- 
plication of the electrical potentials to the contacts and/ 
or electrodes causes movement of at least part of the 
three dimensional structure. 
45 [0015] Such a structure enables the production of mi- 
cro actuators where a part of the structure may be 
moved by electrical forces such as electrostatic, elec- 
tromagnetic, or piezo electric forces. 
[0016] The invention yet further provides a measure- 
so ment device comprising a micro electro mechanical sys- 
tem and a monitoring device, wherein the micro electro 
mechanical system comprises a three dimensional 
structure formed on a substrate by a method according 
to the invention, and the monitoring device is arranged 
55 for connection to the electrical contacts to detect elec- 
trical potentials and/or currents caused by forces acting 
on at least part of the three dimensional structure. 
[0017] Such a device enables the measurement of 
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forces applied to at least part of the structure, for exam- 
ple by measuring the deflection of part of the structure 
in response to a force applied thereto by detecting a 
change in capacitance between two electrodes, one on 
a rigid portion of the structure or substrate and the other 
on a flexible part of the structure. There are, of course, 
many other ways of detecting forces on a part of the 
structure and producing an electrical output in response 
thereto that would be apparent to the skilled person. 
[0018] Embodiments of the invention will now be de- 
scribed by way of example, with reference to the accom- 
panying drawings, in which:- 

Figure 1 shows the steps of a process of fabricating 
MEMS according to the invention. 

Figure 2a shows ORMOCER® Cantilever beam: 
Beam length 1 mm, width 20jwn, height lOOjum, the 
gap under the beam being about ^0\xm, fabricated 
by the method of Figure 1 . 

Figure 2b shows ORMOCER® Cantilever beam 
with a micro lens on top: length 1 mm, width 200jnm, 
height 50jnm, gap ^0\xrr\ fabricated by the method 
of Figure 1 . 

Figure 2c shows ORMOCER® cantilever beam with 
a micro lens on top and metal electrodes. 

[0019] Figure 1 illustrates the steps in a method for 
fabricating optical MEMS (optical Micro-Electro-Me- 
chanical Systems or MOEMS) according to the inven- 
tion. 

[0020] The first step of the method, shown in Figure 
1 a is the coating of the basic substrate 1 with a so-called 
sacrificial layer 2. A temporary carrier layer, the sacrifi- 
cial layer 2, is coated on a substrate 1 . This layer has at 
least one aperture 1 0 that extends to the surface of the 
substrate 1 . 

[0021] This step may be carried out using a standard 
photolithography process. Using such processes the 
layer may typically be up to 20|nm in thickness. 
[0022] The second step of the method, shown in Fig- 
ure 1 b, is the casting or moulding of the microstructure. 
The casting material 3 is dispensed onto the sacrificial 
layer 2. This casting material is curable by UV radiation, 
and may be, for example a sol-gel material. 
[0023] A mould master 4 that may consist of a stand- 
ard photolithography mask combined with 3D optical 
microstructures is lowered over the dispensed casting 
material 3 to mould the cast material into the desired 
shape. The original micro-optical structures may be fab- 
ricated using resist re-flow processing (refractive lens- 
es) or holography (nano-scale gratings) and then be 
moulded directly onto a commercially available photoli- 
thography mask to form the mould master 4. The mould 
master 4 may also have non-transparent layers 43 to 
define the outer limits of the structure to be moulded. 



[0024] The third step of the method shown in Figure 
1c is the UV-exposure of the casting material 3. By illu- 
minating the casting material with UV light 30 through 
the mould mask 4, which is made from a UV transparent 

5 material, the exposed parts 5 are cured. The height of 
the final structure is determined by the layer thickness 
of the casting material. With this method, heights be- 
tween 50jum and 200jum have been realised in experi- 
mental structures. 

10 [0025] The fourth step of the method is shown in Fig- 
ure 1d and is the development of the casting material 
held between the *mould 4 and the substrate 1 /sacrifi- 
cial layer 2. After removing the mould master 4, the sub- 
strate is immersed in developer solution and the unex- 

15 posed casting material 3 as well as the sacrificial layer 
2 are dissolved. Finally, the structures are baked in an 
oven. This leaves a 3D structure that is moulded on a 
substrate 1 . The provision of the sacrificial layer enables 
the construction of structures having a gap between part 

20 of its lower surface and the substrate. 

[0026] To obtain optical Micro Electro Mechanical 
Systems (MOEMS) requiring metal layers for electro- 
static, electromagnetic, or other actuators, further 
processing may be carried out using known convention- 
's al processes to form metal layers on the substrate and/ 
or three dimensional structures. Thus the metal layers 
may create contacts or electrodes enabling movement 
of part of the structure by applying electrical potentials 
to the contacts or electrodes, or enabling measurement 

30 of the displacement of parts of the structure. 

[0027] The 3D structure 5 as shown in Figure 1d com- 
prises a cantilever beam having a lens 41 and an optical 
diffraction structure 42 formed integrally with the beam. 
[0028] The following structures have been realised 

35 with the described fabrication method, using the sol-gel 
moulding material ORMOCER® (a UV-curable inorgan- 
ic-organic polymer developed for optical applications). 

A cantilever beam 21 (Figure 2a) 
40 . A cantilever beam 21 with a micro lens 22 on top 
(Figure 2b) 

A cantilever beam 21 with a micro lens 22 on top 
and two electrodes 23, 24 (Figure 2c). 
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Claims 



1. A method of fabricating micro electro mechanical 
systems (MEMS) comprising the steps of; 
50 forming a patterned sacrificial layer including an ap- 
erture on a substrate, 

dispensing a UV-curable casting material on the 
sacrificial layer including the aperture, 
moulding the casting material to form a desired 
55 three-dimensional structure, 

curing the moulded structure, and 
removing the sacrificial layer and any uncured cast- 
ing material. 
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A method as claimed in Claim 1 in which the sacri- 
ficial layer consists of a photo resistive layer. 

A method as claimed in Claim 1 in which the sacri- 
ficial layer comprises a thin film metal or oxide layer. 5 

A method as claimed in any preceding claim in 
which the casting material is a photosensitive sol- 
gel material. 

A method as claimed in any preceding claim com- 
prising the further step of depositing one or more 
metallic patterns to the three dimensional structure 
to form electrical contacts and/or electrodes. 

A method as claimed in any preceding claim in 
which the three dimensional structure comprises 
one or more of lenses (diffraction or refraction), 
gratings, wave-guides, or other micro-optical struc- 
tures. 

A micro electro mechanical system including an ac- 
tuator, the actuator structure formed on a substrate 
by the method of claim 5 and means for applying 
electrical potentials to the contacts and/or elec- 25 
trodes, the structure being such that the application 
of the electrical potentials to the contacts and/or 
electrodes causes movement of at least part of the 
three dimensional structure. 

30 

A measurement device comprising a micro electro 
mechanical system and a monitoring device, 
wherein the micro electro mechanical system com- 
prises a three dimensional structure formed on a 
substrate by the method of claim 5, and the moni- 35 
toring device is arranged for connection to the elec- 
trical contacts to detect electrical potentials and/or 
currents caused by forces acting on at least part of 
the three dimensional structure. 
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